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ABSTRACT: Apparatus for detecting the instantaneous 
power from a power source and operatively selectively discon- 
necting the power source from a load and a battery recharging 
circuit upon generation of a pulse from a power peak detector 
or a peak absence detector, power to the load being supplied 
by the battery when the power source is disconnected, battery 
overcharged protection controls further operating to override 
reset of the power switch, the power source being forced to 
supply a range of output voltage corresponding to that provid- 
ing maximum power output of the source. 
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MAHMliM POWER POINT TRACKER 

The inventioo, described herein was made in the per- 
forniance of work under a NASA contract and is subject to the 
provisions of Section 305 of the National Aeronautics and 
Space Act of 1958, Public Law 85-568 (72 Stat. 435; 42 USC 
2457). 

The present invention relates lo a power point tracker, and 
more specifically, to apparatus for operatively maintaining the 
output voltage of a power source within a range corresponding 
to die maximum power output thereof. 

The invention is adapted to be coupled to any power source 
supplying a resistance-reactance load and wherein at some 
pomt within the range of output voltages supplied by the 
source maxHUum power is derived. According to a preferred 
embodiment of the invention, a power source as described is 
coupled through a power switch to a resistance-reactance load 
and a recharge circuit connectmg a voltage source comprising 
a battery. A voltage sensor and a current sensor is operatively 
coupled to the source and supplies a multiplier which gives an 
indscatsoB of mstantaneous power from the source. The out- 
put of the multiplier is supplied to a peak detector which sup- 
plies a pulse to an OR gate whenever a peak in the instantane- 
ous power is detected. A pulse absence detector additionally is 
supplied by the peak detector and provides a pulse to the OR 
gate in the absence within a specified time interval of a pulse 
from the peak detector. The pulse output from the OR gate 
operates a bistable flip-flop wherein one of the active states 
operates a driver mechanism to open the power switch. In the 
other stable state, the driver is operated to close the power 
switch. By alternatively opening and dosing the power switch, 
the power source is forced to supply a range of voltages to the 
load and battery recharge circuits corresponding to that at 
which maximum powder is derived. 

The invention is further directed to battery overcharge pro- 
tection controls which operate to override the signal from the 
flip-flop and operate the driver mechanism to open the power 
switch when a dangerous condition In the batteries is detected. 

The invention is further more particularly directed to a 
power sensing mechanism for detecting the instantaneous 
power of a DC source or an AC source, thereby enabling 
adaptation of the invention to control power output from any 
t 5 rpe of voltage source. 

Accordingly, it is an object of the invention to provide ap- 
paratus for controlling the output voltage of a power source 
within a range of values corresponding to that at which max- 
imum power is derived. 

Another object of the invention is to provide apparatus for 
supplying maximum power output to a resistance-reactance 
load from an AC or 0C source. 

A further object of the invention as to provide apparatus for 
detectiBg the instantaneous power output of either an AC or 
DC source. 

Yet another object of the invention is to provide apparatus 
for controlling the maximum power output from an AC or DC 
source supplying a resistance-reactance load and recharge cir- 
cuits of a battery, battery overcharge protection controls 
being provided to override the power control apparatus in 
response to excessive power being supplied to the battery 
overcharge circuit. 

Other objects and many attendant advantages of the present 
invention will become apparent upon a perusal of the follow- 
ing detailed description taken in conjunction with the accom- 
panyrng drawings wherein: 

FIG. 1 is a functional schematic diagram of the maximum 
power point tracker according to the in%^ention; 

FIG. 2 is a schematic diagram of a peak power detector cir- 
cuit forming a component of the invention as illustrated in 
FIG. I; 

FIG. 3 is a schematic diagram of an instantaneous power de- 
tector circuit formlBg a part of the invention as illustrated in 
FIG. t; 
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FIG. 4 is a grapSric representation of voltage vei^us power 
characteristics of a power source to which the invention is 
adapted; 

FIG. 5 is a graphic representation of the output voltage ver- 
5 sus time of the instantaneous power detector as illustrated in 
FIG. 3; and 

FIG. 6 is a graphic representation of the output of a saw- 
tooth oscillator of a modified embodiment of the apparatus as 
illustrated in FIG. 3 for eliminating the self-oscillating logic 
thereof. 

With more particular reference to the drawings, there is 
shown in FIG. I a maximum power point tracking system 
generally indicated at Id according to A® invention, A power 
^ source 12 is connected with its positive output to ground as in- 
^ ^ dicated at 14. A diode 16 is provided in series with the source 
to prevent reverse flow of current therethrough , A capacitor 
Cl is connected in parallel with the source for a purpose to be 
hereinafter explained. A power switch 17 connects the source 
2 q and the capacitor to a resistance-reactance load indicated by 
the inductor LI and the remaining portion 18 which may com- 
prise resistance-res^tance electrical apparatus to be supplied 
by the source 12. The details of the load 18 will not be 
described since it forms no pait of the inveFation. 

25 Coupled to ground between the power switch and the in- 
ductor LI is a diode CRl. At the Junction of the load 18 and 
the inductor LI is a battery 20 connected with its positive to 
ground at 22. A sensor 24 is connected between the battery 2® 
and the junction of the load IS and the inductor LI , The sen- 
30 sor 24 detects the instantaneous battery current, mdicated by 
ih and the accompanying arrow, and transmits the same over a 
conductor 26 to a battery overcharge protection control in- 
dicated generally by the dotted line enclosure 28. Addi- 
tionally, a conductor 3® is schematically provided in the figure 
35 adjacent to the negative temninal of the battery 20 for trans- 
mitting the instantaneous voltage designated by Vg to the con- 
trol 2S. The above-described structure comprises a po'wer 
source operatively coupled through a power switch to a re- 
sistance-reactance load and a battery charge circuit. The 
40 source may be of any type characterized by the source power 

versus source voltage which will result in the graph illus- 
trated in FIG. 4 wherein the maximum power occurs 
between the maximum and zero output voltage of the source. 
As is well known in the prior art such characteristics are com- 
mon to any power source which has an interna! impedance. In 
the preferred embodiment as illustrated in FIG. I, a DC 
source is utilized. However, as will be explained hereinafter 
the invention is suited for adaptation to an AC as well as a DC 
source. 

With reference to FIG. 1 , there is illustrated schematically a 
source voltage sensor 32 and a source current L aensor 34 
illustrated schematically. The output from the sensors 32 -and 
34 are supplied to a power detector illustrated schematically 
at 36, which detector is supplied for detecting the instantaine- 
ous power of the source. The peak detector output is in pulse 
form and is supplied both to a pulse absence detector 40 and 
an OR gate 42. An output in pulse form from the pulse 
absence detector 40 is also supplied to the OR gate 42, The 
output of the OR gate in response to a pulse from either detec- 
tors 38 and 40 operates a bistable flip-flop 44. In one stable 
state the flip-flop supplies an output, for example, over the 
conductor 46 to the gate ANDi. The output therefrom is sup- 
plied to the gate ORj. From there a pulse is supplied to the 
65 driver 48 which operates to close or reset the power switch 1 7, 
thereby corniecting the source 12 to the toad 18, the inductor 
LI and the battery 24 for recharge thereof. !ri response to a 
pulse from the OR gate 42, the flip-flop 44 in iits second stable 
state suppress generation of a pulse over the conductor 46, 
70 thereby permittiiig the driver 4S to open the power switch 17 
and disconnect the source 12. 

With reference yet to FIG. 1, the operation of the apparatus 
thus far described will be explained ie detail With the power 
switch 17 closed, the voltage across the inductor LI h equal lo 
75 the voltage of the battery minus source voltage V^. The 
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diode CRl is reverse biased to prevent a current shunt 
there through. With the power switch closed, current will build 
up m tlie inductor LI and power is supplied for charging the 
battery by the flow of current through the battery. 

The ctpicitor Cl which is connected in parallel with the 
source 11 is disdiarged through the closed power switch 17 
tli€^rcsby causing decrease of the voltage thereacross. Ac- 
coriifigly, with reference to the graph of FIG. 4, the source 
voltage will decrease thereby retracing in a reverse 
direction along the IHustrated power versus voltage curve and 
at mmt tiitie will pass the intersection of Ps^ax and Vsm. Ac- 
cordingly, the point of maxiMum power output from the 
source 1.2 iis approadjed and traversed. As the raaximuiB 
power point is traversed a peak output from the instantaneous 
poWver delector 3€ is supplied to the peak detector 38. Ac- 
oof'diiigly, the detoctor 38 supplies a pulse through OR gate 42 
to ictivate the flip-flop 44 to its inactive stable state, thereby 
permitting the driver 48 to open the power switch 17 momen- 
tarily. 

With the po’wer switch open, the capacitor Cl is again 
charged by the source to build up the value of V^. Simoltane- 
ousty, the mductor LI will then supply current through the 
now forward biased diode CRl, thereby causing a flow of cur- 
rent thimigh the loop provided by foe battery 20, foe inductor 
LI. and the diode CRl. The battery 29 supplies a required 
source of power to the load li. 

With reference to FIG. 4, when the source 12 is recharging 
the capacitor Cl, the source voltage increases and thereby 
traverM^s forwfyrdly along the power versus voltage curve, 
again approactiiEg and traversing the maximum power 
point Again, the instantaneous output from the power detec- 
tor 3€ wii provide a peak signal to the peak detector 38 and 
thereby provide a blaming signal to the OR gate 42 and the fl.ip- 
flop 44 . The flip-flop 44 will be actuated to its active state per- 
liiittieg .a pulse signal to be sent over the conductor 46 to the 
driver 4S as described %vhereby foe power switch 17 is again 
closed. Accordiagly, by opening and resetting the power 
switch to .a dosed position the source 12 is controlled to 
supply ® select range of voltages to the load 18, which range of 
voltages correspond to the maximum power output of the 
source 12. The pulse absence detector 49 is specifically pro- 
vided to provide a signal to the flip-flop in foe absence within a 
specified tinrie interval of a pulse from the peak detector 38. 
Accordingly, should the required absence of a pulse from the 
detector 31 occur, the pulse absence detector 4<S will provide 
an output pulse through the OR gate 42 to bias the flip-flop 44 
into one of its stable states, thereby preventing a prolonged 
delay of the power switch in either its open or reset position. 

OVE.RCHARGE PROTECTION 

With further reference to FIG. 1, the schematically illus- 
trated battery overcharge protection control 2S will be further 
explained- in detail The instantaneous current of the battery 

is detected by the sensor 24 and a proportional signal is dis- 
tribiiled via the conductor 26 to a current sensor scale 
clmii|«r .Si. The output of the scale changer 59 is supplied to 
m alfebftk sufii.mer illustrated schematically at 52. Also sup- 
plied to a term.irml 54 of foe susimer 52 is a reference voltage 
vL The battery current signal is algebraically summed with 
refereaee voltage VI by summer 52 according to the signs in- 
dicated adjacent to respective inputs. Under normal operating 
coaiifioni, the reference voltage VI is of greater value than 
the ■ ©iitpit from the scale changer 5©, the signal from the 
summer 52 thereby remaining positive. 

Siicii sifaal is sufjplied to a level detector 13© with charac- 
teristics indicated in the FIG. 1. The level detector has as a 
cliaracteriitic, the property of a constant output for all posi- 
tive input signals and a zero output for all negative input 
signals m excess of the thresholds or hysteresis band as in- 
d.icated in the FIG. 

Such signal is applied over conductor S6 to a negative NOE 
gate Si. Through the negative NOR g.ate 58 foe positive signal 


4 

is supplied along a conductor 6© to the AND$ gate and the 
gate ANDj. Accordingly, so long as the gate ANDi receives a 
positive signal from foe negative NOR gate 5S via the conduc- 
tor 69, the operation of the driver 4S by a pulse signal, through 
the gate AND^ from the flip-flop 44 will not be interfered with. 

However, when the current sensor 24 produces a relatively 
large negative signal, indicating a dangerous high condition of 
the current through the battery 2@, the output from the 
scale changer 50 will produce a negative output from the 
summer S2. Accordingly the output from foe level detector 
130 will be zero. Accordingly, the NOR gate SS upon detec- 
tion of foe zero signal will shut down and no signal over the 
conductor 6@ to foe gate AND^ will occur. Absent this signal, 
the output from the flip-flop 44 will not be detected by the 
driver 48. Accordingly, the driver 48 will be u.nab.le to close 
the power switch 17. Therefore, the battery overcharge pro- 
tection control provides an override control preventing power 
to be supplied from the source 12. 

TEM.PERATURE PROTECTION 

With further reference to FIG, 1, the temperature of the 
battery is detected by any well-known apparatus 62 and 
supplied to a high temperature detector 64. The temperature 
detector output is supplied to the scale changer 50. The out- 
put from the temperature detector 64 acts on the scale 
changer SO in such a manner as to increase its output voltage 
for a given battery current sensor signal. The output from the 
scale changer will be supplied to the summer 52. 

It is understood foal the output from the scale changer 5® is 
in propo.rtioB to the corresponding deflection of a vane indica- 
tor (not shown) despite the particular scale in operation. 

Additiona.lly, the vo.iiage of the battery 2® is supplied 
over a conductor 30, for example, to a voltage divider 6S. A 
signal representative of battery temperature T//0 is supp.lied 
to foe voltage divider 68, such divider rat.io being a function of 
temperature T^. The voltage divider output is representative 
of the battery voltage modified by foe battery temperature ac- 
cording to such function as is we!! understood. Such output is 
supplied to a summer illustrated schematically at 72. The 
summer 72 compares foe voltage divider output with a 
refere.nce voltage V2 in a manner similar to that attributed to 
summer S2. Under normal operating conditions the output 
from the summer 72 is of positive value and is supplied to the 
threshold detector 131 and tiien to negative NOR gate 5S in a 
manner similar to that attributed to threshold detector 130. 
However, if the voltage of the battery becomes dangerously 
large, the output from the voltage divider 68 will produce a 
negative signal from the summer 72, thereby preventing 
delivery of a positive signal from foe NOR gate 58 and along 
the conductor 60. Thus the gate ANDj will be shut down and 
accordingly provide an override to prevent closing of the 
power switch 17 by the driver 48. 

CURRENT SHARING CONTROLS 

Further, the output of ANDj is supplied to the gate OR 2 and 
through foe triple AND gate 2. Under certain conditions to be 
described, the AND 2 will produce an output to the O.R I 
further insuring operation of the driver 48 providing an over- 
ride for the opening of power switch 17 when the flip-flop 44 
is biased to its inactive state. For example, for the use where a 
multiplicity of batteries and controls similar to that shown 
within broken lines 135 are connected with a source 12 and 
peak power sensing controls 134, the battery current sensor 
24 supplies a signal along a conductor 74 to a pair of buffer 
amplifiers 76 and 78 to facilitate a current charge sharing con- 
trol between the batteries. The buffer 76 provides a signal 
through a diode 78 to a summer 8®. The buffer 78 provides a 
signal through a diode S2 to the summer 80. Bus 88 is addi- 
tionally provided along a conductor S6 to summer 80. Buffer 
amplifiers and diodes similar to buffer 78 and diode S2 for 
each of said multiplicity of batteri.es and controls are also con- 
nected to said conductor 86. The additiooa.1 power switches 
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md drivers are coEtrolled via connection to conductor 133 in 
the manner described previously. This current sharing control 
operates to balance charging energy in each battery. The bat- 
tery with the highest current will produce the highest current 
sensor output voltage and bufe output voltage. Then by the 
action of diodes S2, this sensor will determine the voltage on 
bus The batteries and controls with lower currents will 
have outputs froiro summers corresponding to. summer 80 
which mdll be positive. This positive voltage when presented to 
a threshold detector similar to 132 will cause same to have a 
positive output. 

If, then, the output of negative NOR gate 58 is positive 
thereby indicating safe operation of the battery^ 20 with regard 
to voltage, current and temperature, a positive signal from 
44 wiH result in a positive output from ANDj into ORj 
and ORg- gates. This will cause the power switch 17 to dose 
and will cause a positive output from AND2. The output from 
AKDj will then be delivered to inputs of ORj and OR2. When 
the flip-flop 44 output voltage falls to its zero state by the ac- 
tion of power detector 36, peak detector 38 and OR gate 42, 
the power switch 17 will remaio 'dosed by virtue of the output 
from AN02- When the present battery current exceeds that in 
the battery with the ‘‘highest"’ current, the output of buffer 76 
will exceed the bus 88 voltage whereupon the output of 
summer 80 will become negative and the output of threshold 
detector 132 will fall to zero. At this point, the output of 
ANDg will reduce to zero thus causing driver 48 to reset the 
power switch 17. 

In a system with a multiplicity of batteries and controls, this 
feature will then force a sharing of the charging power 
deivered from the source among the batteries. However, if a 
zero signal is supplied by the gate SB, indicating a dangerous 
coadltion, AND 2 and OR 2 will shut down to enable the 
required override provided by the battery protection control 
2S. 

With reference being made to FIG. 2, the particular details 
of the power peak detector 38 will be described. According to 
the FIG., a schematic representation of the power peak detec- 
tor is iliistrated generally at 38 and comprises a terminal 90 
into which the output of the instantaneous power detector 36 
is supplied. A pair of terminals 92 and 94 are supplied for 
receiving sa.mple commands from the power detector logic. 
Such logic is not illustrated since it forms no part of the 
present invention. However, the logic provides a sampling 
signal to the terminals 92 and 94 according to the time inter- 
vals illustrated in the diagram generally indicated at 98. With 
reference to the diagram, during the time interval from to ^3, 
the peak detector 38 is caused to operate and receive an input 
over the terminal 90 from the instantaneous power detector 
36. Over the time interval from 4 to no sample commands 
are supplied to either of the terminals 92 and 94. However, 
during the time interval from to tg, a signal from the power 
detector logic sends a sample command signal A over the ter- 
minal 92. Over the time interval from h, fhe logic sup- 
plies a sample command B over the terminal 94. The logic 
then recycles beginning at time ii^ the time interval between 
and indicating a time delay to strictly segregate a following 
set of sample command signals A and B from previous ones. 

For example, the entire sampling time cycle from ?o to 
may comprise 5 microseconds. The sample command A sup- 
plied to the terminal 92 operates a switch current source in- 
dicated schematically at 100, which source provides a 
Teqmt^d bias current to turn on or off a difference amplifier 
Q3 illustrated in the FIG. Capacitors Cl and C2 are supplied 
as memory devices for storir.g instantaneous source power in- 
fonaation supplied over the tenpj.nal 90. A pair of field effect 
transistors 02 and Q4, together with a plurality of diodes CRl , 
CFiJ and CR3 are provided in the circuit shown to maintain 
a high circuit iropedance in order to prevent undesired 
discharge of the capacitors Cl and C2. A pair of transistors 
Q1 and Q5 are provided in the circuit as shown to discharge 
the capacitors Cl and C2 at the appropriate time in the 
operating sequence as shown in the diagram 9S. 
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Assume initially that capacitors Cl and C2 are discharged 
and that transistors QI, Q3, QS, Q6 and Q7 as well as the cur- 
rent source 100 are turned off. At the time r®, the source 
power is assumed to increase whereby an input voltage over 
the terminal 90 charges the capacitor Cl over the time inter- 
val from fo to h’ At the same time the sample command A is 
received from the power detector logic (not shown) whereby 
:he switch current source 100 is turned on to provide the 
required bias current for the difference amplifier Q3. 

At the moment of turn on, difference amplifier Q3 is un- 
balanced due to the voltage stored on the capacitor Cl being 
greater than that on the capacitor C2, The complementary dif- 
ference amplifier Q6 is thereby caused to conduct, permitting 
the capacitor C2 to charge until its stored voltage equals that 
stored on capacitor Cl. Upon such voltage equalization, the 
amplifier Q3 is restored to balance. The source power infor- 
mation is thereby transferred from the capacitor Cl to the 
capacitor C2 which acts as a memory elenient. 

When the amplifier Q6 is caused to conduct, such is m indi- 
cation that an increase in source power is detected, and an 
input signal is provided along the reset termiaal to bias a bista- 
ble flip-flop to its reset conditions. At the time ig, the sample 
command A is extinguished, turning the difference amplifier 
Q3 off, via the switch current source 10®. Also at the time it, 
the sample command B is applied to the tenminal 94 thereby 
turning on the discharge transistor Ql which operates to 
discharge the capacitor Cl in preparation for a following set 
of sampling signals occurring in a subsequent time interval. 

At the same time ts, the power detector logic (not shown) 
extinguishes the sample command B and the sampling cycle is 
restarted beginning at the time to- If the sampled source power 
continues to increase during each subsequent sampling inter- 
val, the operation of the peak detector 38 will operate as 
described. 

However, assume that the source pow^er decreases during a 
sampling interval. Thus, at the time the capacitor Cl will be 
charged to a voltage which is less than that previously stored 
on the capacitor C2. The sample command A will turn on the 
difference amplifier Q3 which is unbalanced in the opposite 
direction, causing a complementary difference amplifier Q7 to 
conduct rather than the amplifier Q6. This action turns on the 
discharge transistor QS which discharges the capacitor C2. 
When the capacitor C2 is discharged to the voltage level equal 
to that of the capacitor Cl, the amplifier Q3 is restored to a 
balanced condition. Simultaneously, the transistor Q7 is 
turned on to provide a “set” input signal to the bistable flip- 
flop which issues a peak detector output pulse as indicated 
over the output terminal 102. The remaining operation of the 
circuit over the time interval tz to I3 is as previously described 
for the condition of increasing source power. The peak detec- 
tor 38 will not be responsive to further decreases in the de- 
tected source power until a source power increase is detected 
to reset the bistable flip-flop. Accordingly, the bistable f4ip- 
flop is provided for eliminating erroneous peak detector out- 
put pulses which can occur, for example, as the result of a 
source power phase lag. Accordingly, the peak detector 38 is 
illustrated in FIG. 2 provides a relative power level com- 
parison and either information storage or peak detection 
within a 5 -microsecond sampling interval. 

With more particular reference to FIG. 3 of the drawings, a 
specific embodiment of the instantaneous pov^er detector 36 
is illustrated and described more in detail as follows. Whereas 
in FIG. 1 the illustrated power source 12 is a DC type, the 
power detector 36 to be described is adsiptable to detection of 
instantaneous power of an AC source as well Accordingly, 
with reference to FIG. 3, an AC source is illustrated at 90, 
which source may be substituted for the source 12 of FIG. 1 in. 
the well-known manner. Connected in parallel with the source 
is a transformer T1 with primary windings Np and secondary 
windings Nsi and Us 2 . The output from the secondary^ winding 
N5J are rectified through appropriate diodes CRl and CR2 for 
controlling the appropriate direction of current flow. More 
specifically, a conductor 92 connects one end of the seconda- 
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ry windings to the junction of the oppositely directed 
diodes CRI and CR2. The diodes CR2 is connected to the 
junction of inductors and The diode CRI is con- 
nected to the junction of inductors and A first re- 
sistor Rc is connected to the junction of the inductors and 5 
A second resistor Rc is connected to the junction of the 
inductors Nac Na£». The junction of the first and second re- 
sistors Rc is connected by a conductor 94 to the other side of 
the windings Ns-j. The diode CRI connects the junction of the 
inductors and to the conductor 92. One side of the 
primary windings Np is connected to a conductor 96 which as 
illustrated in FIG. 3, is connected to the load, for example, 
through the power switch 17 as illustrated in FiG. 1. The other 
side of the primary windings Np is connected by a conductor 
98 to a plurality of windings N;, each of the windings N/ being 
associated respectively with the windings Nqc and 

N«i). The conductor 98 terminates at 100 which may be con- 
nected to ground potential. The secondary windings N 52 is 
provided with outer conductors 102 and 104 and a central 20 
conductor 106. The central conductor 106 is connected to a 
junction 108 which is at common potential with the terminal 
100 of the conductor 98. The outer conductor 102 is con- 
nected to a diode CRS and the conductor 104 is connected to 
a diode CR6. A resistor Ri connects the junction of the diodes 25 
CRS and CR6 to one side of a reset switch network comprising 
ill parallel a reset switch SI, a capacitor Cl and a voltage de- 
tector 1 10 which circuit is connected to ground, for example 
at 112- The detector is in parallel with another reset switch 
circuit comprising in parallel a reset switch S2, a capacitor C2 30 
and the detector 110 connected to ground at 112. A resistor 
R2 connects the S2 reset switch circuit to a pair of diodes CR3 
and CR4. The diode CR3 is connected to the conductor 104 
and the diode CR4 is connected to the conductor 104, thereby 
completing the circuit associated with the secondary windings 35 

With further reference to FIG. 3, a first magnetic core A is 
associated with the windings and N /. In similar fashion a 
magnetic core B is associated with the inductors Nap and N/ 
and a magnetic core D is associated with the windings and 40 

N;. 

A first sawtooth current oscillator Id/ is provided with a 
closed loop circuit comprised of excitation windings Nd/ as- 
sociated with the magnetic core A and excitation windings Nd/ 
associated with the magnetic core B. Another output of the 45 
sawtooth generator Td/ is conveyed by a conductor 114 to a 
bistable flip-flop No. 1, the output of which is supplied to an 
OR gate No. 1. The magnetic cores A and B are provided with 
magnetic direction sense windings N 51 . One side of the 
windings N51 is connected to ground potential at 116 and the 
other end is connected to a sense amplifier No. 1. The output 
of the sense amplifier 1 is supplied both to a reset circuit 118 
and the bistable flip-flop No. 1, The output of the reset circuit 
118 is supplied back to the generator Idi and to the OR gate 55 
No. 1. 

In similar fashion, the magnetic cores C and D are provided 
with excitation windings Nd 2 , respectively, which are in a 
closed loop excitation circuit having a sawtooth current 
generator 1 ^ 2 . The generator 1^2 is provided with an output 5 Q 
conductor 120 which supplies a bistable flip-flop No. 2. The 
output from the flip-flop No. 2 supplies an OR gate No. 2. The 
output of the OR gate 2 operates to close the reset switch S2. 
Upon cessation of an output from the OR gate the switch S2 
will open. 65 

Additionally, the magnetic cores C and D are provided with 
magnetic field direction sense windings N^g, one side of which 
is connected to ground potential at 122 , and to the other side 
of which is connected to a sense amplifier No. 2. The output of 
the sense amplifier 2 is supplied both to the flip-flop No. 2 and 70 
a second reset circuit 124. The output of the reset circuit 124 
is supplied back to the generator 1^2 and to the OR gate No. 2. 

In operation of the instantaneous power detector 36, 
reference will be made specifically to the operation of the 
magnetic core A. Assume that the reset switch SI is opened by 75 


a reset signal from the reset circuit 118 through the OR gate 
No. 1 and that the circuit 118 further initiates operation of the 
Idi generator. Assume further that the source 90 produces a 
current I^ in a direction horizontally left through the inductors 
N;. The Idi generator is a sawtooth waveform generator, the 
output of which produces a progressively increasing magnetic 
field intensity in the magnetic core A opposite in directTon to 
the corresponding magnetic field created by the flow of cur- 
rent Ig- 

The resultant magnetic core field intensity becomes the al- 
gebraic addition of the oppositely directed fields. Ac- 
cordingly, the resultant field intensity is initially negative due 
to the current Ic. Subsequently, the resultant field intensity 
becomes positive due to the increasing positive current in the 
windings N^i produced by the sawtooth generator. 

Due to the positive resultant field, a voltage is induced in 
the sense windings N^i. As the voltage attains a predetermined 
positive value, the output thereof through the sensing amplifi- 
er No. 1 is supplied to the reset circuit which initiates a pulse 
through the OR gate No. 1 to momentarily close the reset 
switch SI and thereby discharge the capacitor Cl to zero volt- 
age. Further an output signal from the reset circuit 118 is sup- 
plied to turn off the current generator I^i- For example, the I^i 
generator is a current sawtooth oscillator, the maximum cur- 
rent amplitude of which is that of the maximum expected 
rated current 1 ^ times 

NI 

Ndl 

Further, the generator is provided with a self-oscillation cir- 
cuit. More specifically, when the current Ic is zero, of the 
wrong sign or in excess of rated, a self-oscillation indication is 
generated and conveyed over the conductor 114 to the flip- 
flop No. 1. The output of the flip-flop provides a signal to the 
OR gate and biases the reset switch SI to a closed position 
thereby forcing discharge of the voltage across the detector 
110 to zero. 

The voltage, V^, is the output of the indicated R, - C, net- 
work and may be expressed in terms of the Laplace transform 
after the reset switch SI is opened at / = 0 as: 


(L) 


Vo(5) = 


Vg(s) 

l+<SjSCii 


In the time domain (considering Vq constant 
over the sampling interval), 

( 2 .) 


For period of time, tj, much smaller than 

the time constant, RCn, 

results in the linear approximation, 


(3.) Voit = h)=RCu 


If the remaining circuitry, indicated 
in FIG. 3 satisfies the relationship, 

(4.) , Ic» 

then 


(5.) 


Vo 

y,{t^t)^RCn 


KK- 


RCi 


Pg 


where 

Ki is a proportionality constant. 

Pc is the source power to be measured. 

ti is the time at which reset circuit action occurs. 
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With reference to FIG. 5, the output voltage across the de- 
tector liO is shown vs. time. The dashed line in FIG. 5 
represents the sensed Power-time relationship. If 

( 6 .) 5 

then the average voltage also is proportional to 

the power which indicates that an ordinary, 

average reading voltmeter may be employed as 

the detector 110 . 10 

The circuit as described thus far is sufficient for detecting at 
the detector 110 the instantaneous power of a DC source. 
However, if the source 90 as described is an AC type, a second 
magnetic core B must be provided for detecting through its 
windings N, the effects of source current Vq in a direction to ^ ^ 
the right. Thus, the above-explained operation of the circuits 
associated with the magnetic core A applies as well to the 
operation of the core B, except that the magnetic field is 
produced by an opposite flow of current. Accordingly, with 
the core A sensing a current flow 1^ to the left and core B 
sensing current flow to the right, the instantaneous power out- 
put of the AC source 90 is detected. 

To measure the average power in the AC circuit, the addi- 
tional windings Nq^, and Nq£), are associated with a 
respective one of the magnetic cores A, B, C and D in order to 
effectively cancel the field effects created by the appropriate 
Irfi and I (/2 generator for given conditions as follows. 

Consider the case wherein the instantaneous source polarity 
is indicated by the direction of current in the FIG. 3. For this 
case, the half-cycle of the AC source 90 under consideration is 
identified by that cycle wherein the instantaneous flow of cur- 
rent Ig is reversing, as typically occurring when the source is 
supplying a resistance-reactance load. With the current Ig ini- 
tially flowing in a direction to the left through the windings N/, ^5 
the following occurs. 

The current I„ flows in the conductors and of the 
cores A and D as indicated in the FIG. Thus, if the current I^j 
and Irf 2 are flowing through the windings N^i and Nd 2 in the 
directions as indicated by the arrows 126 and 128, no sense in- 
dications from the cores A and D will occur in either the sense 
amplifier 1 or the sense amplifier 2 . 

The current I^ through the windings N/ and the current 1^2 
through the windings N ^2 have the same polarity relative to the 
created field excitation of the magnetic core C. Thus no sense 45 
indications to the sense amplifier 2 will occur. Accordingly, 
the Id 2 generator will run to completion in its self-oscillating 
mode and will trigger the flip-flop 2 which will hold the reset 
switch 52 closed until a sense pulse from the reset circuit 124 
opens the switch and initiates operation of the generator 50 
Accordingly, zero voltage will be maintained across the 
capacitor C2, for the duration that the switch S2 is closed. 

However, the current Ig through the windings N/ and the 
current through the windings will be of opposite polari- 
ty with respect to the field excitations of the core B. The result 55 
is the appropriate condition for indication of a voltage by the 
detector 110. Since the voltage seen by the detector 110 is 
proportional to the power, such voltage is transferred from the 
detector 110 to the peak detector which samples the voltage 
within the time interval Iq to as heretofore explained in con- 60 
junction with FIG. 2. 

With reference yet to FIG. 3, the operation of the instan- 
taneous power detector circuit 36 will be further explained. 
When the current Ig reverses its direction of flow, the mag- 
netic cores A and D are still gated out of sensing operation by 65 
the effects of the current Ia still flowing in the direction as 
shown in the drawing due to a phase difference between the 
voltage induced in the secondary windings N^j and the current 
Ig. The field excitations in the magnetic core B will be in the 
same relative direction because the excitations created by the 70 
currents Iq and wiU be in the same relative direction so that 
no field excitation change will be detected by the sense ampli- 
fier No. 1. However, the field excitations for the magnetic 
core C will experience a sense change and the output from the 
sense amplifier No. 2 in response thereto is supplied to the 75 
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flip-flop No. 2 and through the OR gate No, 2 to bias the 
switch S2 to an open position thereby causing a voltage to ap- 
pear across the capacitor C2 which voltage is detected by the 
detector 110 . 

When the source voltage reverses again, the field excita- 
tions of the cores A and D will experience a sense change and 
the output from the sense amplifier No. 1 in response thereto 
will activate the flip-flop No. 1 and accordingly will open the 
switch SI. A voltage will thus appear across the capacitor Cl 
which voltage is detected by the detector 110 . 

Whereas the voltage across the capacitor Cl will, produce a 
positive upscale indication on the detector 110 , a voltage 
across the capacitor C2 will produce a downscale indication. 
Accordingly, the detector utilized in practice is an average 
reading device such as a D’Arsonval-type meter with a zero at 
center scale. In practice, the voltage variations produced al- 
ternately across the capacitors Cl and C2 are of sufficient 
rapidity to produce a steady deflection on the meter. 

As an added feature of the circuit as illustrated in FIG. 3, 
the phase of the voltage relative to the current may experience 
a 180° phase lag causing a D’Arsonval-type indicator to 
deflect in a reverse direction with the magnitude of the deflec- 
tion remaining the same. This feature allows an indication of 
the direction as well as the magnitude of the power flow 
through the meter. This has particular application to the situa- 
tion where the source is an AC bus supplied by a plurality of 
AC sources, the power sensor therefore monitoring the bus 
contribution of one or more sources. 

The preferred embodiment of the detector 36 as illustrated 
in FIG. 3 may easily be modified to eliminate the need for the 
self-osciliating feature of the sawtooth generators and 1 ^ 2 - 
More specifically, with reference to FIG. 6 there is shown a 
graphic representation of the current waveform output of 
each of the generators. As shown in the FIG., a graphic plot of 
generator current versus time is illustrated. A waveform of a 
typical sawtooth generator indicated at 13® has no negative 
component. However, by selecting the proper generators 
and I ,/2 having a substantial negative output waveform as illus- 
trated at 132, the need for the self-oscillating features 
represented by the conductors 114 and 120 would be 
eliminated. For this case, the initial portion of the output cur- 
rent of the current generators would be sufficient to enable 
the magnetic cores A, B, C and D to detect a sense change for 
conditions of zero current Ig. Conditions of current in the 
wrong direction or of value in excess of rated would then 
result in an off scale indication of the detector 11®. Ac- 
cordingly, the condition for zero Ig would result in a zero or 
minimum indication of the detector 110. 

Other modifications and embodiments of the present inven- 
tion may be made without departing from the spirit of the in- 
vention as recited in the appended claims. 

We claim: 

1. A maximum power point tracker for adaptation to con- 
trol the operation of a power source, including: a voltage sen- 
sor and a current sensor operatively coupled to the power 
source, an instantaneous power detector connected to the cur- 
rent sensor and voltage sensor, a peak detector connected to 
the current sensor and voltage sensor, a peak detector con- 
nected to the power detector for detecting a peak value in the 
instantaneous power from the power source, an OR gate 
operatively coupled to the peak detector, a pulse absence de- 
tector connected between said peak detector and said OR 
gate, a bistable flip-flop connected to said OR gate, a power 
switch driver connected to the flip-flop, a power switch con- 
necting said power source to a load, said flip-flop being actu- 
ated in one stable state to activate the power switch driver to 
close the power switch thereby connecting the power source 
to the load, said flip-flop being operable in another stable state 
to activate the power source driver and open the power 
switch, thereby disconnecting the power source from the load, 
whereby the power source is caused to supply said load with a 
range of voltages corresponding to that at which the maximum 
power output of the source occurs. 
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2. The structure of claim I wherein said instantaneous 
power detector comprises: a first magnetic core and a second 
magnetic core, first windings magnetically coupled to said first 
core and connected to said power source, second windings 
magnetically coupled to said second core and to said power ' 
source, a closed loop field excitation circuit magnetically cou- 
pled to said first and said second core, said excitation circuit 
kcluding a waveform generator, magnetic field sense 
vdfidings magnetically coupled to -said first and said second 
core, a sense amplifier connected to said sense windings, a 1 
reset clrcuii and a bistabi® flip-flop connected to receive a 
sigaal from the sense amplifier, and OR gate operatively cou- 
pled to said reset switch and said flip-flop, said waveform 
generator Iteieg connected to receive a signal from said reset 
s%vitcli, a resistor and a capacitor connected to said first and 1 
second wtndmp, a reset switch connected in parallel with said 
capacitor; and a voltage detector connected in parallel with 
said capacitor. 

3. The stfiicture of claim 2, wherein said waveform genera- 
tor Iscludes a sawtooth generator the waveform of which com- 
priits negative and positive components. 

4. The structure of claim 2, wherein said waveform genera- 
tor supplies a self-oscillating signal to said flip-flop. 

5. The structure of claim 2, and further including means 
coacliiig with said instaetaneous power detector for average 
power deiecliora comprising: third and fourth magnetic cores, 
thsitl md fourth windings magnetically coupled to said third 
mA fourth cores and said power source, a second dosed loop 
excltitior* circuit magnetically coupled to said third and 
fourth cores, a second waveform generator in said second ex- 
citation circuit, second field sense windings magnetically cou- 
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pied to said third and fourth cores, a second sense amplifier 
connected to said second sense windings, a second reset cir- 
cuit and a second bistable flip-flop connected to said second 
sense amplifier, a second OR gate connected to said second 
) reset switch and said second flip-flop, said second reset switch 
supplying a reset signal to said second waveform generator, a 
second resistor and a second capacitor connected to said third 
and fourth windings, and a second reset switch connected in 
parallel with said second capacitor, said voltage detector 
0 being connected in parallel with said second capacitor. 

6. The structure of claim 5, wherein said second waveform 
generator includes a sawtooth generator the waveform of 
which includes negative and positive components. 

7. The structure of claim S, wherein said waveform genera- 
5 tor supplies a self-oscillating signal to said flip-flop. 

S. The structure of claim 1, and further including override 
control means operatively connected to said power switch 
driver for preventing the closing thereof. 

9. The structure of claim 8, wherein said control means in- 
20 eludes detectors for sensing excessive temperature, current 
and voltages of at least a portion of said load, and AND gate 
connected between said flip-flop and said power switch driver, 
said detectors normally supplying a "positive"’ signal to said 
AND gate, said positive signal being extinguished in response 
25 to excessive load temperature or current voltage to shut down 
said AND gate. 

SO. The structure of claim 8, wherein said control means in- 
cludes detection of current imbalance among a plurality of 
connected battery systems and function to promote balance 

30 among battery currents. 
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